Introduction
============

Coronary heart disease (CHD) is the leading cause of mortality in African-American men and women ([@b1-etm-0-0-6920]). Genetic factors have been demonstrated to serve a significant role in the development of CHD ([@b2-etm-0-0-6920]). In addition, the involvement of epigenetic modifications has been suggested in the development and the progression of CHD ([@b3-etm-0-0-6920]--[@b6-etm-0-0-6920]). DNA methylation is a stable epigenetic modification that results in the addition of a methyl group to the 5′ carbon of cytosine and primarily occurs at CpG dinucleotide sequences in the mammalian genome ([@b7-etm-0-0-6920]). Notably, gene promoter hypermethylation typically silences gene transcription, and aberrant gene methylation has been indicated to be involved in the pathogenesis of various diseases, including CHD ([@b4-etm-0-0-6920],[@b8-etm-0-0-6920],[@b9-etm-0-0-6920]) and type 2 diabetes ([@b10-etm-0-0-6920],[@b11-etm-0-0-6920]).

Cyclin dependent kinase inhibitor 2B *(CDKN2B)* is located on chromosome 9p21, which has been associated with CHD in a number of genome-wide association studies (GWASs) ([@b12-etm-0-0-6920],[@b13-etm-0-0-6920]). *CDKN2B* encodes a cyclin-dependent kinase inhibitor that regulates cell cycle G1 progression ([@b14-etm-0-0-6920],[@b15-etm-0-0-6920]). Cancer cells with hypermethylated *CDKN2B* are typically associated with aberrantly accelerated proliferation ([@b16-etm-0-0-6920]). Atherosclerotic plaques are the major contributing factor in CHD pathogenesis and are caused by overproliferation of vascular smooth muscle cells and macrophages ([@b4-etm-0-0-6920],[@b17-etm-0-0-6920]). Notably, *CDKN2B* loss in mice promoted atherosclerosis by increasing the size and complexity of the lipid-laden necrotic core through impaired efferocytosis ([@b17-etm-0-0-6920]). Furthermore, *CDKN2B* has been suggested as a candidate gene of CHD ([@b18-etm-0-0-6920],[@b19-etm-0-0-6920]). *CDKN2B* hypermethylation has been indicated to be significantly associated with the elevated expression of its antisense noncoding RNA, antisense noncoding RNA in the INK4 locus (*ANRIL*), and an increased risk of CHD ([@b4-etm-0-0-6920]). Several studies have revealed the potential roles of *CDKN2B* in CHD ([@b14-etm-0-0-6920],[@b17-etm-0-0-6920],[@b20-etm-0-0-6920]).

Sex-specific associations have been indicated in various aspects of CHD. For example, women have been demonstrated to have a proportionally lower prevalence of disease and tend to develop it later in life compared with men, and the difference of incidence, development and surgical treatment of CHD between males and females was indicated in previous studies ([@b21-etm-0-0-6920]--[@b23-etm-0-0-6920]). Prior to menopause, women have relatively more protection against CHD compared with men of the same age range ([@b24-etm-0-0-6920]--[@b26-etm-0-0-6920]). A previous GWAS indicated sex differences in DNA methylation on 470 autosomal sites, including sites in *CDKN2B* ([@b27-etm-0-0-6920]). These epigenetic differences are associated with differential mRNA and microRNA expression levels and organ functions ([@b27-etm-0-0-6920]). In addition, conventional cardiovascular pharmacological agents have been indicated to induce their therapeutic effects on CHD through various mechanisms, for example, by affecting serum levels of vascular calcification inhibitors, which reduce cardiac workload and increase coronary blood flow ([@b28-etm-0-0-6920],[@b29-etm-0-0-6920]).

In the present study, a case-control study was performed to investigate whether *CDKN2B* promoter methylation contributes to the risk of CHD in a sex-dependent pattern, and whether estrogen and conventional cardiovascular pharmacological agents are able to recover *CDKN2B* expression by reversing *CDKN2B* promoter methylation.

Materials and methods
=====================

### Samples

CHD and non-CHD control samples were obtained from patients at Ningbo First Hospital (Ningbo, China) between May 2008 and April 2010. A total of 36 CHD cases (18 males and 18 females, mean age, 62.5±5.5) and 36 age- and sex-matched controls were included in the present study. All individuals were Han Chinese from Ningbo city in Eastern China diagnosed according to the World Health Organization criteria ([@b30-etm-0-0-6920]). The inclusion criteria utilized were as follows: Angiographic evidence of \>50% stenosis in one or more major coronary arteries. Patients were excluded from the current study if they had congenital heart disease, autoimmune disease, cardiomyopathy or severe liver or kidney disease. All peripheral blood samples from patients (5 ml) were collected in 3.2% citrate sodium-treated tubes and stored at −80°C. The study protocol was approved by the Ethics Committee in Ningbo First Hospital and all methods were performed in accordance with the relevant guidelines and regulations. Written, informed consent forms were obtained from all subjects.

### Bisulfite pyrosequencing

Human blood genomic DNA was extracted and quantified as described previously ([@b31-etm-0-0-6920]). The DNA methylation assay comprised of sodium bisulfite DNA conversion (EpiTech Bisulfite kits; Qiagen AB, Sollentuna, Sweden), polymerase chain reaction (PCR) amplification (Pyromark PCR kit; Qiagen) and pyrosequencing (Pyromark Gold Q24 Reagents; Qiagen AB), which were performed in accordance with the manufacturer\'s protocol. The Pyromark PCR Master Mix was used in PCR amplification. PCR primers were designed using PyroMark Assay Design software v2.0.1.15 (both Qiagen). The sequences of the primers utilized were as follows: *CDKN2B* forward, 5′-TAGGGGGAGGAGTTTAAGGGG-3′ and reverse, 5′-biotin-ACACTCTTCCCTTCTTTCC-3′; *CDKN2B* sequencing primer; 5′-GGGGTAGTGAGGATT-3′. The thermocycling conditions were as follows: 1 cycle at 94°C for 15 sex, 45 cycles at 94°C for 20 sec, 58°C for 30 sec, 72°C for 60 sec and an extension stage at 72°C for 3 min.

### Cell lines

Recent studies have suggested that *CDKN2B* is associated with the occurrence and development of several types of cancer ([@b32-etm-0-0-6920],[@b33-etm-0-0-6920]). Notably, 293 cells are typically applied to study the transforming and oncogenic properties of cancer-associated genes as a model ([@b34-etm-0-0-6920]). Thus, 293 cell lines were selected for the present study. Three cell lines, including 293 cells (<https://www.atcc.org/Products/All/CRL-11268.aspx>), human aortic endothelial cells (HAEC; <http://www.atcc.org/Products/All/PCS-100-011.aspx>) and human primary coronary artery smooth muscle cells (HPCASMC; <http://www.atcc.org/Products/All/PCS-100-021.aspx>) were used in the present study. Cell lines were purchased from American Type Culture Collection (Manassas, VA, USA) and were cultured using dulbecco\'s modified eagle\'s medium (DMEM) with 10% fetal bovine serum (FBS) and penicillin/streptomycin (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) in an incubator at 37°C with 5% CO~2~ for 24 h.

### Treatment with 5-aza-2′-deoxycytidine (DAC), estrogen and cardiovascular pharmacological agents

Cells were cultured at a density of 1×10^6^ cells/well in 6-well plates at 37°C for 24 h and the media (DMEM with FBS and penicillin/streptomycin) was replaced following 4--8 h. To determine the potential regulatory roles of DNA methylation in *CDKN2B* gene transcription, HAEC, HPCASMC and 293 cells were treated with DAC (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at 0.5, 1.0 and 2.0 µM at 37°C for 3 days. Following this incubation step, total RNA was isolated from the cells and subjected to reverse transcription. To examine the effects of estrogen treatment, the cells were treated with estrogen (17-β-estradiol; Sigma-Aldrich; Merck KGaA) at different concentrations (10, 100 and 1,000 nM), and the total RNA and genomic DNA were isolated. In aformentioned comparisons, these three cell lines with the EtOH treatment were considered as the control. In addition, 10 µM simvastatin, 10 µM trimetazidine dihydrochloride and 50 µM γ-carboxy-L-glutamic acid (all Sigma-Aldrich; Merck KGaA) were used to treat HAEC and HPCASMC for 1, 6, 12 and 24 h. Notably, γ-carboxy-L-glutamic acid is an effective ingredient of isosorbide mononitrate, which is a common cardiovascular drug ([@b35-etm-0-0-6920],[@b36-etm-0-0-6920]). Following treatments, total RNA and genomic DNA were extracted from cells. 293 cells were not subjected to treatment as HAEC and HPCASMC were more specific to cardiovascular disease and thus would produce more meaningful results.

### Total RNA extraction and reverse transcription-quantitative PCR (RT-qPCR)

TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used for total RNA isolation. Subsequently, 1 µg RNA was treated with a High Capacity cDNA Reverse Transcription kit (Applied Biosystems, Thermo Fisher Scientific, Inc.) for 2 h at 37°C for cDNA synthesis according to the manufacturer\'s protocol. qPCR was performed using SYBR green master PCR mix (Applied Biosystems, Thermo Fisher Scientific, Inc.). *CDKN2B* transcription was normalized to *GAPDH* transcription levels and the PCR products were quantified using the 2^−ΔΔCq^ method ([@b37-etm-0-0-6920]). The thermocycling conditions were as follows: denaturation at 94°C for 5 min, followed by 40 cycles of amplification (30 sec of denaturation at 94°C, 30 sec of annealing at 58°C and 30 sec of extension at 72°C). The following primers were used: *CDKN2B* forward, 5′-GTTAAGTTTACGGCCACCGG-3′ and reverse, 5′-ACCTTCTCCACTAGTCCC-3′; and *GAPDH* forward, 5′-TGGTATGGAAGGACTCA-3′ and reverse, 5′-CCAGTAGAGGCAGGGATGAT-3′.

### Bisulfite sequencing

Genomic DNA was isolated from cells with or without estrogen (10, 100 and 1,000 nM) and cardiovascular drug treatments (10 µM simvastatin, 10 µM trimetazidine dihydrochloride and 50 µM γ-carboxy-L-glutamic acid) using a genomic DNA isolation kit (Qiagen, Inc., Valencia, CA, USA). Bisulfite conversion reagents (EpiTect Bisulfite kit; Qiagen, Inc.) were used to convert genomic DNA. Products were amplified with the following primers for *CDKN2B* promoter: *CDKN2B*\_F, 5′-TTGGTTTAGTTGAAAAYGGAATT-3′; and *CDKN2B*\_R, 5′-AACRCCTAACRCRAACRCAACC-3′. PCR was performed as follows: 95°C for 5 min; followed by 35 cycles of 95°C for 30 sec, 52°C for 30 sec, 72°C for 30 sec, with a final extension of 2 min at 72°C. PCR products were cloned using a commercial CloneJET PCR Cloning kit (Thermo Fisher Scientific, Inc.) according to manufacturer\'s instructions. A total of 15--20 independent bacterial clones were isolated and sequenced for each PCR fragment to calculate the cytosine methylation levels.

### Luciferase reporter gene assays

The *CDKN2B* promoter fragment containing seven CpG sites was generated using PCR as aforementioned, and the primer sequences of *CDKN2B* were as follows: Forward, 5′-GGGGCAGTGAGGACT-3′ and reverse, 5′-GCCTGGATTGCTTCT-3′. The subsequent PCR product was cloned into pCR2.1 (included in the kit) using a T-A Cloning Kit (Invitrogen; Thermo Fisher Scientific, Inc.) and sequenced. Plasmids containing *CDKN2B* promoter region were amplified and digested with *Xho*I and *Kpn*I (New England Biolabs, Ipswich, MA, USA). The target DNA fragment containing the reporter gene was cloned into pGL3-Luciferase reporter plasmid (Promega Corporation, Madison, WI, USA). Subsequently, constructed pGL3-*CDKN2B*-Luciferase plasmid was transfected into 293 cells using Lipofectamine 2000 Reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to manufacturer\'s protocol. A total of 24 h following transfection, cells were lysed with Tropix lysis buffer (Applied Biosystems; Thermo Fisher Scientific, Inc.). Luciferase and β-galactosidase activities were measured using a Luciferase Assay System (Applied Biosystems; Thermo Fisher Scientific, Inc.) according to manufacturer\'s protocol. β-Galactosidase activity was used to normalize transfection efficiency.

### Statistical analysis

SPSS package software (version 16.0; SPSS, Inc., Chicago, IL, USA) was used to determine the association between *CDKN2B* promoter methylation with CHD and various biochemical factors. Comparisons of *CDKN2B* methylation were performed using GraphPad Prism 5 Software (GraphPad Software, Inc., La Jolla, CA, USA). Correlations of *CDKN2B* methylation with age and biochemical indicators were performed using R statistical software (R V.3.3.2; <http://www.r-project.org/>). All P-values were adjusted for age, smoking, diabetes and hypertension. Relative expression data were presented as the mean ± standard deviation. Statistical analysis for RT-qPCR data was performed using one-way analysis of variance followed by a Dunnett\'s post hoc test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Significant association of CDKN2B promoter methylation with CHD in women

The bisulfite pyrosequencing assay was used to measure a total of seven CpGs on the *CDKN2B* promoter among 36 cases and 36 matched controls. Significant correlations were observed among DNA methylation levels of seven CpGs (r\>0.7, [Fig. 1A](#f1-etm-0-0-6920){ref-type="fig"}). Subsequently *CDKN2B* methylation was represented as the mean methylation level of the seven CpGs. As indicated in [Table I](#tI-etm-0-0-6920){ref-type="table"} and [Fig. 1B](#f1-etm-0-0-6920){ref-type="fig"}, significantly increased *CDKN2B* methylation levels (7.66±3.02%) were observed in patients with CHD compared with non-CHD subjects (6.43±2.23%, adjusted P=0.043). In addition, a significant association of CHD with sex was indicated regarding *CDKN2B* methylation (adjusted P=0.048; [Fig. 1B](#f1-etm-0-0-6920){ref-type="fig"}). Further analysis demonstrated a significant female-specific association of *CDKN2B* methylation with CHD \[women with CHD (7.21±2.40%) compared with women without CHD (4.83±1.31%), adjusted P=0.010; [Fig. 1B](#f1-etm-0-0-6920){ref-type="fig"}\]. However, there was no significant correlation between *CDKN2B* methylation and age in the whole cohort (total, r=0.041, adjusted P=0.811; [Fig. 1C](#f1-etm-0-0-6920){ref-type="fig"}), further analysis regarding age indicated a significant association with CHD in women \>60 years old (women, r=0.672, adjusted P=0.024; [Fig. 1C](#f1-etm-0-0-6920){ref-type="fig"}).

### CDKN2B promoter fragment enhances luciferase gene activity

The dual-luciferase reporter assay is a standard method that utilizes Firefly and Renilla luciferase to explore the promoter activity of target fragment ([@b38-etm-0-0-6920]). The *CDKN2B* promoter fragment containing seven CpG sites was amplified and cloned into pGL3 luciferase plasmid in the present study. The construct was transfected into 293 cells. Notably, HPCASMC and HAEC were difficult transfect and were therefore excluded from this experiment. Results suggested that the *CDKN2B* promoter fragment significantly enhanced the luciferase activity by \>200 fold compared with pGL3-Basic in 293 cells (P\<0.001; [Fig. 2A](#f2-etm-0-0-6920){ref-type="fig"}). The present results indicated that *CDKN2B* promoter enhanced the luciferase activity in 293 cells.

### Methylation inhibitor DAC enhances CDKN2B gene transcription

Endogenous *CDKN2B* transcription levels were determined in HPCASMC, HAEC and 293 cells ([Fig. 2B](#f2-etm-0-0-6920){ref-type="fig"}). Furthermore, cell lines were incubated with different concentrations of DAC, a DNA methyltransferase inhibitor. Results revealed that DAC (0.5 µM/l) significantly upregulated CDKN2B transcription levels compared with EtOH treatment in HPCASMC (P\<0.05; [Fig. 2C](#f2-etm-0-0-6920){ref-type="fig"}). In addition, DAC (1 µM/l and 2 µM/l) significantly upregulated *CDKN2B* transcription levels compared with EtOH in HAEC (1 µM/l, P\<0.01 and 2 µM/l, P\<0.01; [Fig. 2C](#f2-etm-0-0-6920){ref-type="fig"}). However, no significant differences in *CDKN2B* transcription levels were detected in 293 cells, which may have been due to the high endogenous *CDKN2B* expression. In light of these findings, it was speculated that DNA methylation may serve an important role in the regulation of *CDKN2B* transcription in HAEC and HPCASMC.

### Estrogen increases CDKN2B transcription and alters its promoter methylation

Cells were incubated with different concentrations of estrogen. Results suggested that estrogen significantly upregulated *CDKN2B* transcription levels in HAEC and 293 cells compared with EtOH treatment (HAEC, 100 nM/l: P*\<*0.01 and 1,000 nM/l: P\<0.01; 293, 10 nM/l: P\<0.05, 100 nM/l: P\<0.05 and 1,000 nM/l: P\<0.01; [Fig. 2D](#f2-etm-0-0-6920){ref-type="fig"}). Specific concentrations of estrogen also significantly increased *CDKN2B* transcription levels in HPCASMC (HPCASMC, 10 nM/l: P=0.015 and 1,000 nM/l: P=0.030; [Fig. 2D](#f2-etm-0-0-6920){ref-type="fig"}).

Methylation levels of seven *CDKN2B* CpGs were varied in HAEC, HPCASMC and 293 cells. There were four fully methylated CpGs (CpG-1, 5, 6 and 7) and three unmethylated CpGs (CpG-2, 3 and 4) in 293 cells, and four fully methylated CpGs (CpG-1, 2, 3 and 6) and three unmethylated CpGs (CpG-4, 5 and 7) in HPCASMC. The methylation levels of the seven CpGs were \<0.3 in HAEC ([Fig. 3](#f3-etm-0-0-6920){ref-type="fig"}). In some cases, estrogen treatment reduced the methylation levels of previously hypermethylated CpGs and increased the methylation levels of previously hypomethylated CpGs in HPCASMC and 293 cells ([Fig. 3](#f3-etm-0-0-6920){ref-type="fig"}). Notably, estrogen treatment was able to increase the methylation levels of the majority of CpG sites in HAEC.

Although estrogen treatment did not result in a similar methylation pattern among the three cell lines, the results suggested that estrogen was able to increase *CDKN2B* gene transcription among the three cell lines. The findings indicated that estrogen may increase *CDKN2B* transcription by altering *CDKN2B* methylation.

### Cardiovascular pharmacological agents increase CDKN2B transcription and reduce CDKN2B promoter methylation concomitantly

Three cardiovascular pharmacological agents, including simvastatin, γ-carboxy-L-glutamic acid and trimetazidine dihydrochloride, were selected to explore their regulatory effects on *CDKN2B*. Results revealed that 24-h treatment with these agents significantly altered *CDKN2B* transcription levels in HPCASMC and HAEC, with the exception of HAEC treated with simvastatin and γ-carboxy-L-glutamic acid (P\<0.05 and P\<0.01; [Fig. 4A](#f4-etm-0-0-6920){ref-type="fig"}). Notably, *CDKN2B* transcription levels in HPCASMC increased 63.3-fold following 24 h treatment with simvastatin, 26.5-fold following 24 h treatment with γ-carboxy-L-glutamic acid and 41.9-fold following 24 h treatment with trimetazidine dihydrochloride, respectively ([Fig. 4A](#f4-etm-0-0-6920){ref-type="fig"}). *CDKN2B* transcription levels in HAEC increased 2.0-fold following 12 h treatment with simvastatin and 40.0-fold following 6 h treatment with γ-carboxy-L-glutamic acid treatment, respectively ([Fig. 4A](#f4-etm-0-0-6920){ref-type="fig"}). Conversely, *CDKN2B* transcription levels significantly decreased 2.2-fold following 24 h trimetazidine dihydrochloride treatment in HAEC (P\<0.01; [Fig. 4A](#f4-etm-0-0-6920){ref-type="fig"}). Methylation assays demonstrated that the cardiovascular pharmacological agents reduced *CDKN2B* methylation levels in HAEC and HPCASMC ([Fig. 4B](#f4-etm-0-0-6920){ref-type="fig"}). Treatment with simvastatin, γ-carboxy-L-glutamic acid and trimetazidine dihydrochloride reduced *CDKN2B* promoter methylation and increased *CDKN2B* transcription concomitantly in HPCASMC. Additionally, treatment with simvastatin and γ-carboxy-L-glutamic acid reduced *CDKN2B* promoter methylation and increased *CDKN2B* transcription concomitantly in HAEC.

Discussion
==========

In the present study, it was identified that there was a female-specific association of elevated *CDKN2B* promoter methylation with CHD. Subsequent functional experiments indicated that *CDKN2B* promoter methylation is important for gene expression, which was further demonstrated to be susceptible to estrogen and conventional cardiovascular pharmacological agents.

*CDKN2B* has been suggested to regulate efferocytosis and atherosclerosis ([@b39-etm-0-0-6920]). The deletion of *CDKN2B* promotes the advanced development of atherosclerotic plaques ([@b40-etm-0-0-6920]). Furthermore, *CDKN2B* expression is reduced in atherosclerotic plaques, indicating that *CDKN2B* serves an essential role in the formation of atherosclerotic plaques ([@b39-etm-0-0-6920]). In the present study, the *CDKN2B* promoter fragment was able to significantly enhance luciferase reporter gene activity. Furthermore, methylation inhibitor DAC increased *CDKN2B* transcription levels. These results suggest that *CDKN2B* promoter methylation may be important in the regulation of *CDKN2B* gene function.

Sex dimorphism of CHD has been observed in the prevalence and the onset age of CHD ([@b21-etm-0-0-6920],[@b41-etm-0-0-6920]). Notably, the onset age of CHD in women is typically 10 years later than that in men ([@b21-etm-0-0-6920]). Furthermore, non-obstructive CHD and angina are more frequently identified in women than in men ([@b42-etm-0-0-6920],[@b43-etm-0-0-6920]). Previous results suggested an interaction between sex and age impacted DNA methylation ([@b44-etm-0-0-6920],[@b45-etm-0-0-6920]). Furthermore, age has been indicated to increase the risk of CHD in women compared with men ([@b46-etm-0-0-6920]). CHD risk in men plateaus at the age of 45--50, whereas in women, CHD risk continues to increase sharply until the age of 60--65 ([@b47-etm-0-0-6920]). In the present study, a female-specific association of elevated *CDKN2B* promoter methylation was indicated with the risk of CHD. Further analysis by age suggested that the women \>60 years of age had significantly higher *CDKN2B* promoter methylation levels.

Studies have indicated that estrogen may inhibit atherosclerotic plaque progression and vasodilation through its anti-oxidative and anti-inflammatory properties ([@b21-etm-0-0-6920],[@b43-etm-0-0-6920],[@b48-etm-0-0-6920]). Furthermore, it has been identified that estrogen may influence neoplastic diseases via its effects on the levels of gene expression and DNA methylation ([@b49-etm-0-0-6920],[@b50-etm-0-0-6920]). In the present study, *CDKN2B* transcription levels were upregulated following estrogen treatment in HPCASMC, HAEC and 293 cells, in addition with promoter cytosine modifications in the promoter region of *CDKN2B*. The present findings suggest that estrogen may exert its regulatory role through promoter methylation modification.

Cardiovascular pharmacological agents include angiotensin-converting enzyme inhibitors, nitrates, statins and β-adrenergic blockers ([@b51-etm-0-0-6920]--[@b54-etm-0-0-6920]). Abnormal gene methylation may influence the curative effect of various kinds of drugs, including anti-tumor drugs and chemotherapeutic drugs ([@b55-etm-0-0-6920]--[@b57-etm-0-0-6920]). In the present study, treatment with three types of cardiovascular pharmacological agents increased *CDKN2B* transcription levels and reduced *CDKN2B* methylation levels concomitantly in HPCASMC. Similar results were identified in HAEC, except trimetazidine was demonstrated to decrease *CDKN2B* transcription in HAEC and further study should be performed to verify this result. This suggests that these agents may deliver their effects through *CDKN2B* gene silencing.

In conclusion, the present study demonstrated the role of DNA methylation in the regulation of *CDKN2B* transcription and that *CDKN2B* transcription may be affected by estrogen and cardiovascular pharmacological agents. Furthermore, the present results provided an improved understanding of the mechanisms by which *CDKN2B* may contribute to the risk of CHD in women. Due to the moderate sample size, future studies with extended samples are required to assess the significant association of *CDKN2B* promoter methylation with CHD in females.
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![Sex dimorphism in the association of *CDKN2B* promoter methylation with CHD and age. (A) Significant association among the seven *CDKN2B* promoter CpGs. All r-values are presented in the squares (all P\<0.05). (B) Significant differences of *CDKN2B* methylation between CHD and non-CHD subjects. (C) Correlation between *CDKN2B* promoter methylation and age. P^c^, P-value adjusted according to age, history of smoking, diabetes and hypertension. CHD, coronary heart disease; CDKN2B, cyclin dependent kinase inhibitor 2B.](etm-17-01-0205-g00){#f1-etm-0-0-6920}

![Relative transcription levels of *CDKN2B* in HPCASMC, HAEC and 293 cells. (A) Relative luciferase activity in the 293 cell lines. \*\*\*P\<0.001 (pGL3-Promoter vs. pGL3-Basic and pGL3-*CDKN2B* vs. pGL3-Basic). (B) Endogenous *CDKN2B* transcription levels in the cell lines. The expression level of HAEC was presumed as the basic value. The relative expression value was calculated as the expression levels of cells divided by the basic value. (C) Relative transcription of *CDKN2B* in the cell lines treated with DAC. (D) Relative transcription of *CDKN2B* in the cell lines treated with estrogen. \*P\<0.05 (treatment with estrogen vs. treatment with EtOH); \*\*P\<0.01 (treatment with estrogen vs. treatment with EtOH). The expression levels of cells treated with EtOH were considered as the basic value in same cell line. CDKN2B, cyclin dependent kinase inhibitor 2B; HAEC, human aortic endothelial cells; HPCASMC, human primary coronary artery smooth muscle cells; EtOH, ethanol; DAC, 5-aza-2′-deoxycytidine.](etm-17-01-0205-g01){#f2-etm-0-0-6920}

![Methylation levels of *CDKN2B* in HPCASMC, HAEC and 293 cells treated with estrogen. The cells treated with EtOH were used as the control. CDKN2B, cyclin dependent kinase inhibitor 2B; HAEC, human aortic endothelial cells; HPCASMC, human primary coronary artery smooth muscle cells.](etm-17-01-0205-g02){#f3-etm-0-0-6920}

![Methylation and relative transcription levels of *CDKN2B* in HPCASMC and HAEC treated with simvastatin, trimetazidine dihydrochloride and γ-carboxy-L-glutamic acid. (A) Relative *CDKN2B* transcription levels in the cell lines treated with the three cardiovascular pharmacological agents at 0, 1, 6, 12 and 24 h. \*P\<0.05, \*\*P\<0.01. (B) Methylation levels of *CDKN2B* CpGs in the cell lines treated with the three cardiovascular pharmacological agents. Cell lines with the EtOH treatment were considered as the control. CDKN2B, cyclin dependent kinase inhibitor 2B; HAEC, human aortic endothelial cells; HPCASMC, human primary coronary artery smooth muscle cells.](etm-17-01-0205-g03){#f4-etm-0-0-6920}

###### 

Comparison of cyclin dependent kinase inhibitor 2B methylation levels within subgroups.

                                  DNA methylation (%)                       
  ------------------------------- --------------------- ----------- ------- -------
  DNA methylation site                                                      
    CpG 1                         8.89±3.97             7.44±2.99   0.066   0.058
    CpG 2                         5.94±2.03             5.14±1.78   0.042   0.239
    CpG 3                         6.11±2.81             4.61±1.68   0.012   0.088
    CpG 4                         4.83±2.25             4.00±1.64   0.057   0.168
    CpG 5                         9.19±4.03             7.97±3.07   0.149   0.278
    CpG 6                         9.03±3.19             8.11±2.97   0.142   0.005
    CpG 7                         9.61±4.09             7.72±3.53   0.031   0.023
  Mean ± SD DNA methylation (%)   7.66±3.02             6.43±2.23   0.043   0.048

P-values were adjusted by age, history of smoking, diabetes and hypertension. CHD, coronary heart disease; SD, standard deviation.
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